Dietary aluminum selectively decreases MAP-2 in brains of developing and adult rats.
Administration of 0.3% aluminum in drinking water elevated serum aluminum concentrations 8-fold in rats. Further, chronic treatment with aluminum for 2-3 mon, in both developing and adult rats, significantly decreased the levels of MAP-2 in brain, as determined by quantitative immunoblot analysis. Aluminum treatment also decreased the level of brain spectrin, but only in the hippocampus of adult rats. These were selective effects, since the levels of tubulin, tau and the three proteins of the neurofilament triplet were unaltered. In the aluminum-treated adult rats MAP-2 levels were significantly decreased in the hippocampus and brainstem to 71% and 56% of control values, respectively. In developing rats, MAP-2 levels were significantly decreased in the cortex and brainstem (65 and 64% of control values, respectively) but not in the hippocampus. In support of these findings, immunohistochemical examination revealed that the intensity of hippocampal MAP-2 immunoreactivity was significantly decreased to 88% of control values with aluminum treatment in adult rats. To determine a possible mechanism by which MAP-2 levels are reduced, the effect of aluminum on calpain-induced proteolysis of MAP-2 was examined in vitro. At the aluminum concentrations tested, there was no apparent effect on calpain-induced proteolysis of MAP-2. In the developing rats, aluminum administration significantly increased the hippocampal cyclic AMP concentration, as reported previously in adult aluminum-treated rats, and decreased the inositol 1,4,5-trisphosphate concentration. These results demonstrate that chronic oral aluminum administration to rats selectively decreases the levels of MAP-2 in specific brain regions independent of calpain proteolysis. This decrease may be associated with increased cyclic AMP and protein phosphorylation, and the impairment of cognition previously observed in this model of aluminum intoxication.